A new tetraglycosylated flavonoid derivative of kaempferol was isolated from the butanol extract of leaves of Platycyamus regnellii (Fabaceae) using high-speed countercurrent chromatography (HSCCC). The butanol extract (960.5 mg) was initially fractionated with the solvent system EtOAC-BuOH-H 2 O 2:8:10 (v/v/v) (elution in normal phase mode). The fractions containing the major tetraglycosylated flavonoid were further purified with the same solvent system by modifying the ratios to 3:7:10 (v/v/v) and alternating the elution to reversed phase mode. The structure of the isolated flavonoid (48.1 mg, 99.7% purity by ultra-high performance liquid chromatography with diode array detector (UHPLC-DAD)) was characterized by spectrometric and spectroscopic methods and identified as kaempferol 3-O-β-D-glucopiranosyl-(1→2)-α-L-rhamnopiranoside-(1→6)-α-Lrhamnopiranoside-7-O-α-L-rhamnopiranoside. Other minor flavonoids were also detected and tentatively identified using ultra-high performance liquid chromatography with diode array detector coupled to mass spectrometry using the electrospray ionization interface (UHPLC-DAD-ESI-MS/ MS). By using the latter technique, a second tetraglycosylated flavonol with an O-methyl substituent (either rhamnetin, 3-O-methyl-quercetin or isorhamnetin) was detected, together with a triglycosylated kaempferol and diglycosylated flavonoids (either rhamnetin, 3-O-methyl-quercetin or isorhamnetin).
Introduction
Platycyamus regnellii (Fabaceae), is popularly known in Brazil as "pau-pereira", "mangalô", "folha-de-bolo", "pau-pereira-amarela" and "pereira vermelha". 1 It is largely distributed across the northeast, center-west, southeast and south of Brazil. 2 Five flavonoids (vestitol, isoliquiritigenin, medicarpine, 7,4'-di-hydroxy-6-O-methyl flavan and 3'-hydroxy-7,4'-di-O-methyl isoflavone) were previously isolated from the dichloromethane extract of the roots of this species. 1 No phytochemical investigations were made on the flavonoid composition of the leaves of this plant. This work focused on selection of solvent systems for the isolation of polar flavonoids from the butanol extract of P. regnellii leaves using high-speed countercurrent chromatography (HSCCC). This liquid-liquid partition-based chromatography technique 3, 4 enabled the purification of the major compound from the butanol extract. The novel compound was identified as kaempferol 3-O-β-D-glucopiranosyl-(1→2)-α-L-rhamnopiranoside-(1→6)-α-L-rhamnopiranoside-7-O-α-L-rhamnopiranoside ( Figure 1 ). Furthermore, ultra-high performance liquid chromatography with diode array detector coupled to mass spectrometry using the electrospray ionization interface (UHPLC-DAD-ESI-MS/MS) acquired data lead to the identification of five minor compounds in this same extract ( Figure 2 ). electrospray ionization-Orbitrap-mass spectrometry (HR-ESI-Orbitrap-MS) analysis presented analytical grade and were purchased from Tedia (Tedia Brazil, Rio de Janeiro, Brazil). Aqueous solutions were prepared with pure water produced by Milli-Q water (18.2 MΩ cm) system.
Preparation of crude extract
Leaves of P. regnellii (2 kg) were collected at Rio de Janeiro Botanical Gardens (Instituto de Pesquisas Jardim Botânico do Rio de Janeiro) in October 2011. The plant occurs at the arboretum of the park and was identified by A. Occhioni. A voucher specimen is deposited under the number RB00181650.
The dried and ground leaves were subjected to maceration with ethanol 96º GL. The crude extract (30 g) was dissolved in methanol-water 3:7 (v/v) and submitted to liquid-liquid extraction to yield 5 fractions of increasing polarity: hexane (8.3 g), CH 2 Cl 2 (1.3 g), EtOAc (2.0 g), BuOH (8.0 g) and the aqueous residue (10.4 g).
UHPLC-DAD-ESI-MS/MS analysis
Preliminary analysis of the butanol extract was performed using UHPLC-DAD-ESI-MS/MS unit resolution (Thermo Fisher Scientific, Germany) using a column Poroshell 120 EC-C18 (2.1 × 100 mm internal diameter (i.d.); 2.7 µm particle size; Agilent, Santa Clara, USA) at 30 ºC. ESI ionization in negative mode, sheath gas flow rate: 40 arb, auxiliary gas flow rate: 10 arb, sweep gas flow rate: 0 arb, spray voltage: −5.50 kV, capillary temperature: 400 ºC, capillary voltage: −4 V, tube lens: −86.07 V, data were acquired in profile mode during the liquid chromatography (LC) run. 5 mg of the extract were dissolved in 1 mL of methanol and 0.5 mL of this solution was mixed in 0.5 mL solution containing 0.1% ammonium hydroxide in water. 3 µL of the extract were injected under gradient conditions (solvent A = water-0.1% ammonium hydroxide, solvent B = methanol-0.1% ammonium hydroxide); B = 5% at t = 0 min; B = 10% at t = 3 min; B = 50% at t = 28 min) at a flow rate of 0.4 mL min -1 and full scan mode (600-950 m/z). The wavelengths used in UV detection (DAD) were 280, 310, 330 and 360 nm.
HSCCC equipment
All fractionations were conducted in the P.C. Inc., Potomac, MD, USA apparatus, equipped with a triple coil. The 80 mL column (1.6 mm i.d.) was used, at 860 rpm and flow rate of 2.0 mL min -1 . In the first fractionation the system was operated in tail-to-head direction with the upper organic phase as mobile phase and in the second purification was operated in head-to-tail direction with the lower aqueous phase as mobile phase.
Preparation of HSCCC solvent system
The solvent systems tested was EtOAc-BuOH-H 2 O (2:8:10, v/v) and (3:7:10, v/v). The sample were dissolved in a small test tube containing the equilibrated two-phase solvent system. The test tubes were shaken and the compounds allowed to partition between the two phases. Aliquots of each phase were spotted beside each other separately on silica gel thin layer chromatography (TLC) plates (Merck Art. 05554, Darmstadt, Germany), developed with the organic phase of the solvent system butanol-acetic acid-water (B.A.W.) 8:2:10, v/v. The results were visualized under UV light (λ = 254 nm).
HSCCC separation procedure
The EtOAc-BuOH-H 2 O (2:8:10, v/v) system was used in the fractionation of BuOH extract. The coil was filled with the stationary lower phase and the mobile upper phase was pumped at a flow rate of 2.0 mL min -1 after rotation at 860 rpm. 960.5 mg of the sample was solubilized in 5 mL of the solvent system (1:1, v/v) and the solution was introduced in the coil through a manual sample injection valve using a 5 mL sample loop after the balance of the phases inside the coil. A total of 100 fractions of 2 mL each were collected (60 fractions were collected with rotation and 40 fractions with the rotation turned off). The retention of the stationary phase was 68.75%. Fractions 35-40 obtained in the first countercurrent chromatography (CCC) were resubmitted to a second CCC purification with the same solvent system and ratios (3:7:10, v/v). The mobile phase was the lower aqueous phase and the stationary phase was the organic upper. 160.9 mg of the sample was dissolved in 5 mL of the solvent system (1:1, v/v) and 40 fractions were collected with rotation and 51 fractions with the rotation turned off (flow rate: 2.0 mL min -1 ; 1 min per fraction). The retention of the stationary phase was 63.75%.
Spectroscopical identification by NMR 1 H and 13 C nuclear magnetic resonance (NMR) data for the isolated compound were acquired in deuterated methanol (CD 3 OD) at 31 ºC (Varian VNMRS 500 MHz spectrometer, Palo Alto, USA); the CD 3 OD multiplet at d H 3.31 and d C 49.15 ppm was used as chemical shift reference.
HR-ESI-Orbitrap-MS analysis
The isolated compound was analyzed by high-resolution HR-ESI-Orbitrap-MS on a LQT XL Orbitrap (Thermo Fisher Scientific, Waltham, USA) instrument operating in the negative ion mode. Direct infusion mode: 10 µL min -1 diluted with solvent MeOH:H 2 O (9:1) + NH 4 OH 0.1%, sheath gas flow rate: 10 arb, auxiliary gas flow rate: 2 arb, sweep gas flow rate: 0 arb, spray voltage: −3.8 kV, capillary temperature: 350 ºC, capillary voltage: −30 V, tube lens: −90 V. 10 mg of the isolated compound were diluted in 300 µL methanol, posteriorly 100 µL were diluted with 300 µL of 1:1 methanol/water with 0.1% ammonium hydroxide. At the end the solution had concentration of 11 µg µL -1 and 10 µL min -1 were injected by direct infusion.
Results and Discussion
Analysis by UHPLC-DAD-ESI-MS/MS Preliminary analysis of the butanol extract (Table 1) in UHPLC-DAD-ESI-MS/MS unit resolution showed the presence of flavonoids. The major compound ( Figure 1 ) was eluted at 13.3 min ( Figure S31 , Supplementary Information section) and other minor flavonoids ( Figure 2 ) were detected between 12 to 18 min ( Figure S31 ). CCC was then used to isolate those flavonoids from the butanol extract of leaves of P. regnellii.
Fractionation by HSCCC
Due to the high polarity of the extract, several ratios of the solvent system EtOAc-BuOH-H 2 O were tested by the test tube partitioning test and the ratios 2:8:10 (v/v/v) were chosen for the butanol extract fractionation by HSCCC. 5 This extract (960.5 mg) was submitted to fractionation using the upper organic phase as mobile phase (normal phase elution mode). Thus, fractions 35-40 (160.9 mg, V M = 12 mL) ( Figure S1 ) were combined and resubmitted to a second CCC purification where compound 1 (Figure 1 ) was obtained (fractions 18-27, 48.1 mg, V M = 20 mL) ( Figure S2 ) by adjusting the ratios of the same solvent system to 3:7:10 (v/v/v) and alternating the elution mode to reversed phase exploring the orthogonality within the same system. This strategy aimed to decrease the retention time of the compound of interest. Thus, there was a need to decrease the proportion of butanol in the system and to change elution mode from normal to reversed phase mode. (Table 2) , respectively, in the heteronuclear single quantum coherence (HSQC) spectra ( Figure S22 ).
Characterization of isolated compound
The sugar identities were defined using the characteristic behavior of their inner 3 J HH under the relayed conditions of the total correlation spectroscopy (2D-TOCSY) experiment. Three deoxyhexoses distinctive methyl resonances at d H 1.26 (3H, d, J 6.2 Hz), 1.18 (3H, d, J 6.1 Hz) and 0.99 (3H, d, J 6.2 Hz) ( Figure S7 ) and their relayed series of cross-peaks defining H axial -H axial configuration (H5-H4 and H4-H3) were observed leading to the identification of rhamnose moieties by its characteristic H-6 ( Table 2 ). 9 The axial hydroxy group at C2 in rhamnose results in a weak H axial -H equatorial 3 J HH . H-2, H-3, H-4 and H-5 in the three rhamnose residues and H-2, H-3, H-4, H-5 and H-6a/H-6b in the glucose residue could be totally distinguished and assigned ( Table 2) with sequential correlation spectroscopy (2D-COSY) (Figures S14-S17) and 2D-TOCSY ( Figures S18-S21) .
The 13 Table 2 ). Glycosylation of phenolic hydroxyl group results in changes in the expected 13 C resonance of the free aglicone. 10 The expected resonance values for C-3 and C-7 have shown a shift that was held as evidence to support a 3-and 7-O-glycosylation and later confirmed by long-range correlations in the heteronuclear multiple bond correlation (HMBC) data ( Figure S26) . Independent fragments were sequentially attached according to data inferred from long-range correlation using the HMBC. Key correlation peaks were observed between the protons of anomeric carbons of H-1 Gluc The major compound in the butanol extract was therefore identified as kaempferol 
Identification of minor flavonoids by UHPLC-DAD-ESI-MS/ MS
Minor flavonoids were observed in the butanol extract by using UHPLC-DAD-ESI-MS/MS (Table 1 ). Based on the identification of the isolated compound it was possible to make assumptions for the identity of the aglycones for five of these compounds. Ultraviolet spectra of all peaks (Table 1) indicated the presence of bands II (ring A) and I (ring B) characteristic for flavonols. 9 Mass spectra of peaks 1 (12.9 min) ( Figure S32 ) and 4 (13.9 min) ( Figure S34 
